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DISCUSSION

The basic outlines of the two airplanes discussed in this paper are
shown in figure 1. One drplane had 45° sweepback; the other was essen.
tla13.yunswept. It CaILbe seen from the moment-of -itlertiaratios that
those @.rplanes were rather heavily loaded along the fuselage, and such
inertia characteristicscan appreciably lower the rolJ.rate at which
large coupled motions might be encountered as indicated in reference 1.

The results of a tirnehistory of an abrupt tVO-thirdS aileron roll
to the left made on the swept-wing airplane from level flight a% & Mach
number of 0.70 and altitude of 32,000 feet sre pre6ented in figures 2
and 3. Soon titer tinea.lleron-controlInput, %here is a steady decrease
In an@ of attack and develo.pent of negative (adverse) sideslip. (See
fig. 2.) Between J and 4 seconds, the rates of diwrgence in angles of
attack and sideslip increased markedly and the maneuver becsme uncon.
trolJable. Recovery was made when the controls were brought close to
their initial setting~. During the motion, a left Eideslip ~le of 26°
was recorded and aogles of attack much larger than .160 were attained
followed by I@ at recovery.

In order to determine the mechanism of this tj~ of coupled lateral-
lmgitudinal motion ( inchxiing the effects of changes in the variouB
derivatives), a five-degree+f-freedmm analysis was made using an anabg=
computer. It is seen that the basic character of the motion is Wdicted
feirly well. In order to illustrate the powerful effect of the coupling
betveen the longitudinal and lateral modes of the motion, the sideslip
estimated by the usual three-degree-of-freedomlateral equations and the
angle of attack estimated by a two&gree~f -freedcm analysis are also
$mclwied. Although the initial sideslip nmtion is seen to be the same
fur the two methds, the three-legree-of -freedom method reaches a peak
Ofodya bout p= -y. The angle-of-attack comparison is even more
rewmllng In that the stabilizer input of the pilot would have resuLted
$n ● luge positive mgledfdzttack change from a purely longitudinal
am+mls as opposed to the negative divergence shown by flight and *
m refined analysis. The complexity of the problem can be further
~trati by the fact that Calculaticms indicatedthat the Itiirect
#fti of the stabilizer input actually aggravstwl the slded$p aad
~~t- diw’t3@me ●ppreciably.
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WO=ofti fundamental ressons for the occurrence of tbe
~ ~i@us s both airplsnea VRS the presence of hsufficient dixec-
~ tN&91bn.ity.Ibublia@ the directional stability level of the sweyb
uM@ air=%m =sulted in substantiallyimprwed fli@t characteristics~
M F G Aations indicated that, if the tall size is hcreased beyoad a
cez’tuz!point, consit.erablyhigher tail loads end &ger peak nomal
~t%om can be obtained thsxlwith a tall affording & Scmeuhat lln#eT
hti Of Stabtiity.

M present, analytical lnvestl-gatio~are under way to enable ●

h%- ~tsfrdiw of the overall probl= of coupled leterd -loagittinal
-Wosls 3S X’OIMng maneuvers. It is not yet knovn whether a practical
4esign appmech exhts that UOuld produce desirable c-acteristics fo?
a large range of fMght cond.ltIons without the sacrifice of Performan-=
or tiMeresort to artificial Stabilizstiorl.It is Slso true that Coupllng
- have a we effect m the prcdtc+d loads, even for confi.gw~tions
that kme satisfactoryhandling qualities; therefore, the coupling of the
Mtersl snd I.ongitaxlinaldegrees of freedom should be considercd for load
eweluations of rollix maneuverson roost high-s~ed drplsnes.

L aammsan,Ch=l- H.: Recent Stability and Aemdymxdc I%oblems WA
!l?blr~lications as to M Estimation. (ProspectiveNACA pqer. )
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CHARACTE~STKS OF AIRPLANES

Ac .4?)”

T
As3.56

Aac●(Y
4

A s 3.09

Iy-Ix ,089

~“

ABRUPT AILE
Y

ROLL - SWEPT-WING AIRPLANE
SMALL AIL, M*O TO; Hp~32,W FT

W,RIGHT 2

+

‘t !!
I i J’tt

4*%IT i , =:, ;-’ “- .
OEG I

1!
~ AT’’” .20

●

●



● .,9*9

. 9* * ●****:**’. ● ##*●S*: :$*, ● ** . . ● *
9* :* ● +

** S** ● **:*... *
● * ●

,*

R~’ 8 X103

I

Lv, LB

LEFT

6

I+

N

-------.5 Mslcw L“

4 \

2

o—

2

0 z ~ 6 8 ‘C 12
TME . sEC

Fi@re 3

CALWLA-iEO EFFECT OF ALTITUDE ON MAX! MUM TAIL LOW
SWEPT-WING AIRPLANE, M *O 7

----

9



. . ● ✎☛☛☛☛☛ ● ☛☛☛☛✌
● ☛

● ☛ 6.,
● ***, ● ***** ●*:● *,:,,, ,, ,’. ●

... ,. :.
● ***

●
● .,.+,,, ,,

**C
● ● *. ●O

vARIATION OF C@ WITH MJ$CH NUMBER -

SWEPT-WING AIRPLANE
Hp z 40,000 FT

003

002 I

.
~L.<.-.7,/ :

/JA’
,,/’_&-’

TAIL
.C

6
CnB, PER OEG

ml Iot ~L & ~ ,0
1.1 12 I .3 1.4 L~
M

Figure 5

●

●

EFFECT OF TAIL SIZE ON LEFT AILERON ROLLS
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